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Digramic represntation of saturated and fully
expended soil block where all cubes are the
same size and there are no cracks (n:

numbers of layers and up=1).
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Digramic represntation of saturated and fully
expended soil block when its dried,
contracted and cracks are developed. All
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chemical properties

EC Exchangeable cations m CEC meq/100g | SP% | O.C% | Total | Cacos | ESP | SAR
0.4 Ca+ Mg K Na
46 76 0.7 0.1 5 2 1
43.8 1.3 0.9
Chemical properties physical properties
Soluble cation meq/L Soluble anions meq/L Particle Size Distribution
Ca+ Mg K Na | Hco3 Cl Sand | silt Clay PH
2.5 0.1 15 3.1 0.4 12 39 49 7.7
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g. Uy’ = e.u’ (3.3)
Where

: the bluk density at the water content of fully expanded clay, e,

: the bulk density of field clods, the bulk volume having been measured at e,
the water content of the samples when taken from soil pits.




: the edge length of a cube of fully expanded soil which equals 1cm

Uy = 1.

- the edge length of a cube of the soil after it is dried, contracted and are u
developed with u < u,

Consider a soil k, when it is fully expanded and therefore no cracks, with the
following dimensions,

100 cm?xHorizontal plane: 100

Depth :20n cm

Where

n: number of layers, each layer of depth equals 20 cm

the volume of the soil whe n it is fully expanded,volume of soil

Vo= 21,01 U 100, X 20 uy); (3.4)
v SO\ \ Uo
N N —
o 1IN N\
IO O
A
20 Uo
100 uo
A 4
100 uo

Fig (3-4) Digramic represntation of saturated and fully expended soil block
where all cubes are the same size and there are no cracks (n: numbers of

layers and up= 1)




The soil, after it dries and contracts and the cracks are developed.

ﬂ==2£ﬂﬂﬂux10ﬂux2ﬂuh (3.5)

j=1

¢:>\\<— | N
TN DN

Crack

20u

100 u

< »
l »

100 u

Fig (3-5)Digramic represntation of saturated and fully expended soil block
when its dried, contracted and cracks are developed. All cubes are the same
size with u

The volume of soil contractions (V) = Vo — V1

T mn

Ve = Z(l{]{] X 100 X 20 up°);— Z(l{]{]x 100 X 20 u®);

O,



= 2100 X 100 x 20 [U,° — U?] cm?

J

j=1

mn U3
— Z 0.20 u,’ [1 —— m3 (3.6)

" Uﬂ r

j=1 J
From equation (1)

3

U—E _% (3.7)
uu ec

For fully expanded soil with no cracks,

U, =1 (3.8)
V., = Z{].Z{] [1 - ?] m’ (3.9)
j=1 °

Where
J: the layer number 1,2,3,............
n: number of layers

The model to find the volume of vertical cracks:

n

v, = Z(lﬂﬂ Uy X 100 Uyx 20 U ), (3.10)
j=1
V, = £7.,(100 U X 100 UX 20 U); (3.11)

The volume of vertical cracks (ver) = Vs — Vs

©,



Ver = > (100 x100 x 20U s U); — > (100 x100 x 20u®), cm?

=1 =1

From equation (3.3)

T
UE
- Zn.zouf E—F m? (3.12)
j=1 0 0 Jj
U €,
—= 2 3.13
Uga e, I: :J
and
== ()3 (3.14)

pm,=io.20 [[z—“}lf’g—(z—“j] m®  (3.15)
= 0 e 4

D Shaa ) Jalal)
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Bulk Bulk
Moisture | moisture | Density | Density | Vct | Vcer Vsand
Days | location | Depth | Before | saturation | before after m? m® | eO/ec | (eolec)™™ m?
cm % % e0 ec

0-20 9 24 1.5 1.7 0.02 | 0.02 | 0.88 0.96
3 1 20-40 16.6 19.5 1.7 1.7 0.00 | 0.00 | 1.00 1.00
40-60 17.6 18.5 1.8 1.8 0.00| 0.00 | 1.00 1.00

0.02 | 0.02
0-20 9 21 1.5 1.7 0.02 | 0.02 | 0.88 0.96
6 2 20-40 16.6 20.2 1.7 1.7 0.00 | 0.00 | 1.00 1.00
40-60 17.6 19.5 1.8 1.8 0.00 | 0.00 | 1.00 1.00

0.02 | 0.02
0-20 9 20.7 1.5 1.7 0.02 | 0.02 | 0.88 0.96
9 3 20-40 16.6 21.5 1.7 1.7 0.00| 0.00 | 1.00 1.00
40-60 17.6 20.5 1.8 1.8 0.00 | 0.00 | 1.00 1.00

0.02 | 0.02
0-20 9 20.5 1.5 1.7 0.02 | 0.02 | 0.88 0.96
12 4 20-40 16.6 22.2 1.7 1.7 0.00| 0.00 | 1.00 1.00
40-60 17.6 20.5 1.8 1.8 0.00| 0.00 | 1.00 1.00

0.02 | 0.02
0-20 9 20 1.5 1.7 0.02 | 0.02 | 0.88 0.96
15 5 20-40 16.6 21 1.7 1.8 0.01]| 0.01 | 0.94 0.98
40-60 17.6 20.7 1.8 1.8 0.00| 0.00 | 1.00 1.00

0.03 | 0.02
0-20 9 19.7 1.5 1.7 0.02 | 0.02 | 0.88 0.96
18 6 20-40 16.6 21 1.7 1.8 0.01]| 0.01 | 0.94 0.98
40-60 17.6 22 1.8 1.8 0.00| 0.00 | 1.00 1.00

0.03 | 0.02




(1-4) Jsaal o6

0-20 9 19 1.5 1.7 0.02 | 0.02 | 0.88 0.96
21 7 20-40 16.6 19.5 1.7 1.8 0.01] 0.01 | 0.94 0.98
40-60 17.6 20.2 1.8 1.8 0.00| 0.00 | 1.00 1.00
0.03 | 0.02 0.00037
0-20 9 15 1.5 1.7 0.02 | 0.02 | 0.88 0.96
24 8 20-40 16.6 19.2 1.7 1.8 0.01] 0.01 | 0.94 0.98
40-60 17.6 19 1.8 1.8 0.00 | 0.00 | 1.00 1.00
0.03 | 0.02 0.00003
0-20 9 14.7 1.5 1.6 0.01] 0.01 | 0.94 0.98
27 9 20-40 16.6 18.7 1.7 1.8 0.01] 0.01 | 0.94 0.98
40-60 17.6 19.5 1.8 1.8 0 0 1 1
0.02 | 0.02 0.00007
0-20 9 10.7 1.5 1.6 0.01] 0.01 | 0.94 0.98
30 10 | 20-40 16.6 15.2 1.7 1.8 0.01] 0.01 | 0.94 0.98
40-60 17.6 17 1.8 1.8 0.00| 0.00 | 1.00 1.00
0.02 | 0.02 0.00012
0-20 9 8.7 1.5 1.6 0.01] 0.01 | 0.94 0.98
33 11 | 20-40 16.6 14.2 1.7 1.8 0.01] 0.01 | 0.94 0.98
40-60 17.6 15.5 1.8 1.8 0.00| 0.00 | 1.00 1.00
0.02 | 0.02 0.00012
0-20 9 8.5 1.5 1.6 0.01] 0.01 | 0.94 0.98
36 12 | 20-40 16.6 13 1.7 1.8 0.01] 0.01 | 0.94 0.98
40-60 17.6 14 1.8 1.8 0.00| 0.00 | 1.00 1.00
0.02 | 0.02 0.00007
0-20 9 10 1.5 1.6 0.01] 0.01 | 0.94 0.98
39 13 | 20-40 16.6 13.2 1.7 1.7 0.00| 0.00 | 1.00 1.00
40-60 17.6 15.7 1.8 1.8 0.00 | 0.00 | 1.00 1.00
0.01| 0.01 0.00010
0-20 9 9 1.5 1.6 0.01] 0.01 | 0.94 0.98
42 14 | 20-40 16.6 17.2 1.7 1.7 0.00 | 0.00 | 1.00 1.00
40-60 17.6 17.5 1.8 1.8 0.00| 0.00 | 1.00 1.00
0.01| 0.01 0.00011
0-20 9 6.2 1.5 1.6 0.01] 0.01 | 0.94 0.98
45 15 | 20-40 16.6 12.7 1.7 1.7 0.00 | 0.00 | 1.00 1.00
40-60 17.6 14.7 1.8 1.8 0.00 | 0.00 | 1.00 1.00
0.01| 0.01 0.00014
0-20 9 10.5 1.5 1.6 0.01] 0.01 | 0.94 0.98
48 16 | 20-40 16.6 14.5 1.7 1.7 0.00 | 0.00 | 1.00 1.00
40-60 17.6 15 1.8 1.8 0.00 | 0.00 | 1.00 1.00
0.01| 0.01 0.00013

O,




Wi e VA oy i il e (ttest) sl 4l o
Gl ey oy il Ada g Al (358 W e 4 giee T B8
(2-4) a8) Jsaal) 8 mage WS (3588l el Jiall 8 43 gundl)

Jaall Slilyg z3saill (n 43)5e gy (2-4) Jsas

sall 0 E O-E (O-E)"2/E P | DF T
7 0.02 0.0004 0.02 1.331 0.01| 9 | 2.776 | 21.67
8 0.02 0.0000 0.02 16.43

9 0.02 0.0001 0.02 3.377

10 0.02 0.0001 0.02 1.990

11 0.02 0.0001 0.02 1.911

12 0.02 0.0001 0.02 3.218

13 0.01 0.0001 0.01 0.621

14 0.01 0.0001 0.01 0.656

15 0.01 0.0001 0.01 0.466

16 0.01 0.0001 0.01 0.506

N 10 30.51

O = il @sail) ana® B judly Aoyl aaad, P = 4dlaal), DF=dgnl) dapa T= )Y o8

L aaa Jibs) A ld el ilyy g dg—all) ey A i)\8a 2-4
—:(1985 paa

e (3—ia1 (1985 5 i 3 ena Jole)a )il il bl ez 35l 4 3)lie o
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Bulk
Furrow moisture | Moisture Bulk Density Density Vcer
distance) | Depth | Before | saturation before after Vetm® | m3 | (eOlec) | (e0/ec)*®)
m cm % % el ec
0-20 26.5 53 1.11 1.34 0.03 0.02 0.83 0.94
30 20-40 28.8 49 1.11 1.43 0.04 0.03 0.78 0.92
40-60 30.4 45 1.23 1.56 0.04 0.03 0.79 0.92
0.12 0.08
0-20 26.5 53 1.11 1.34 0.03 0.02 0.83 0.94
90 20-40 31 49 1.11 1.45 0.05 0.03 0.77 0.91
40-60 33.1 45 1.23 1.49 0.03 0.02 0.83 0.94
0.12 0.07
0-20 27.5 53 1.11 1.32 0.03 0.02 0.84 0.94
150 20-40 31.1 49 1.11 1.45 0.05 0.03 0.77 0.91
40-60 31.9 45 1.23 1.52 0.04 0.02 0.81 0.93
0.12 0.07
0-20 30.5 53 1.11 1.32 0.03 0.02 0.84 0.94
210 20-40 33.8 49 1.11 1.39 0.04 0.03 0.80 0.93
40-60 31.9 45 1.23 1.52 0.04 0.02 0.81 0.93
0.11 0.07
0-20 32 53 1.11 1.3 0.03 0.02 0.85 0.95
270 20-40 33.3 49 1.11 1.4 0.04 0.03 0.79 0.93
40-60 34.9 45 1.23 1.45 0.03 0.02 0.85 0.95
0.10 0.07
a4l . ) S PR | G_‘,l B g (t_test) B (Y ?\ G P Dl;,d\ S i

Gl o as Gl uald Rl sl jchj—-ﬂm O Asine Gl 8958 0 agY
H(4-4) &) dsaall el LS 4500 8




an)la Gl zisalll Cn aladl ma s (4-4) Jsas

a0 0 E O-E (O-E)"2/E P | DF T

1 0.12 0.08 0.04 0.02 0.01] 4 |2.776|13.28
2 0.12 0.08 0.04 0.02

3 0.12 0.08 0.04 0.02

4 0.11 0.07 0.04 0.02

5 0.10 0.07 0.04 0.02

N 5 0.111

O = il gsisll aaa® B il dlll aaal. P = 40laal), DF=dgyal) dapn T= )Y o8

gyl A S 8 s el o) aag dgyaill e Lgle Jaaniall mibll s
(1—4) ?EJ d&.ﬁ\ ‘jﬁcaéyes w\hﬂ\ GA d}s"ﬁ\ ?;ABJLD

Moisure %
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y=0.203x2- 6.929x + 68.12
R?=0.994

24 27 30 33 36 39 42 45 48
days
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0.14 -
0.12 - W Vsan
m\Vcr
0.1 -
mVct
0.08 = VCA
0.06 W VcerA

Sa aaall

0.04

0.02

21 24 Days 27 30 33
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Al oL 5V 7 aady pill il ad mag 153

Gadall

parmeter rl r2 r3 Avg
f0 | 0.017 0.008 0.003 0.02
a|0.28 0.41 0.53 0.41
k|30 11 10.8 17.27
z|126.03 125.8 256.4 181.41
Al WLl SEZ aady il Culdi ad miag 2 53
parmeter rl r2 r3 Avg
fO | 0.008 0.017 0.017 0.01
A|0.22 0.28 0.25 0.25
K|89.6 89.92 89.92 89.81
Z| 3313 473.7 398 414
2O PR PGy AUV PRIV RENTF I FLCRNRC TR PLEN
parmeter rl r2 r3 Avg
f0 | 0.017 0.017 0.017 0.02
0.64 0.52 0.64 0.6
11.9 19.9 9.9 13.9
520.9 430.9 434.3 462.03




Al il ) 7 Ay o) Culh ad gy 4 g

parmeter rl r2 r3 Avg
f0 | 0.008 0.008 0.008 0.01
A |0.61 0.29 0.47 0.46
K |30 35 24 29.67
Z | 1090 195.8 384.5 556.77

Al ol Gueld] Zaads oyl Culd ad sy D53

Parmeter rl r2 r3 Avg
f0 | 0.017 0.008 0.017 0.01
A]0.61 0.41 0.47 0.5
K|119.9 54 49.9 41.27
Z|727.6 606.1 799.6 711.1

cemill Jane e gsinall (3 ills Gaall SN anall o 33l miag e 650

4 sk )

Date Vct \cr Vsand | Zmm/min \Y V total 4,1<)
07- ‘Apr | 0.064 0.022 0.005 181.4 0.1814 0.6352 42.27
10-Apr 0.041 0.014 0.008 401 0.401 1.266 37.02
14-Apr 0.053 0.018 0.01 462 0.462 1.467 35.61
18-Apr 0.041 0.014 0.013 556.8 0.5568 1.7384 33.06
22-Apr 0.053 0.018 0.017 711.1 0.7111 2.2213 22.05




el gz 3ag dushyall o oy Al gy (7) 5o

days vsan Vet Ver VctA | VcrA

21 0.00038 | 0.035 0.023 | 0.121 | 0.078

24 0.000031 | 0.035 0.023 | 0.116 | 0.075

27 0.000071 | 0.024 0.016 | 0.117 | 0.075

30 0.00012 0.024 0.016 0.11 |0.071

33 0.00016 | 0.024 0.016 | 0.101 | 0.065




